Plain language summary
======================

This study was done to assess the quality of autism spectrum disorder (ASD) diagnoses recorded in an electronic medical database, the Clinical Practice Research Datalink (CPRD). The results of this study indicate that 91.9% of ASD diagnoses recorded in the CPRD are valid. These results suggest that ASD diagnoses in the CPRD are of high quality and can be used for research.

Introduction
============

Autism spectrum disorder (ASD) is a complex, broad-range of neurodevelopmental disorders characterized by deficits in social function and communication with the presence of stereotyped behavior, interests, or activities, which are typically noted in early childhood and impact daily activities.[@b1-clep-9-475],[@b2-clep-9-475] Diagnostic criteria used to identify children with ASD have changed over time.[@b3-clep-9-475],[@b4-clep-9-475] Diagnostic and Statistical Manual of Mental Disorders (DSM), Fourth Edition (DSM-IV) criteria for autism, first published in 1980 and revised in 1994 and 2000, describe separate disorders: autistic disorder, Asperger's disorder, or pervasive developmental disorder (PDD) not otherwise specified. These disorders share core features that appear in early childhood, including social dysfunction, communicative difficulties, and behavioral problems (aggressive behavior, hyperactivity, increased repetitive/restricted behaviors and interests). DSM Fifth Edition (DSM-5), published in 2013, captured these separate subtypes under the umbrella diagnosis of "Autism Spectrum Disorders" to reflect a continuum of severity. Another notable change in DSM-5 was that the three core features of ASD were reduced to two: social/communicative deficits and restricted repetitive behaviors. The prevalence of ASD is currently estimated to be approximately 1--2%.[@b2-clep-9-475],[@b5-clep-9-475],[@b6-clep-9-475] The etiologies of these disorders are not well understood; however, both genetic and environmental factors are likely to play an important role.

Over the last two decades, large electronic data sources have been used in epidemiologic studies seeking to identify potential risk factors for ASD. One potential concern with use of these existing data sources is uncertainty about the validity of the ASD cases identified and the availability of clinical details. The United Kingdom's Clinical Practice Research Datalink (CPRD) is a large population-based electronic medical record database that has been used in investigations of risk factors of ASD. Previously published studies have indicated that ASD diagnoses recorded in the CPRD were of high validity;[@b7-clep-9-475],[@b8-clep-9-475] however, the children described in these studies were born in the 1990s and medical knowledge, ASD diagnostic criteria, and screening practices have changed extensively since the last of those studies was published. In this study, we sought to provide an updated assessment of the quality of ASD diagnoses recorded in the CPRD between 1990 and 2014. We conducted a validation study to assess the quality of ASD diagnoses recorded in the CPRD and calculated the positive predictive value (PPV) of ASD diagnoses recorded in the CPRD compared to original medical records. We also described characteristics of children with ASD and changes in the recording of clinical diagnoses and treatments related to ASD in the electronic data over time.

Methods
=======

Data Source and Source Population
---------------------------------

We validated ASD diagnoses recorded in the UK CPRD, a large, longitudinal, population-based electronic medical record database.[@b9-clep-9-475],[@b10-clep-9-475] The UK National Health Service provides universal health coverage; therefore, no segment of the population is excluded from the CPRD and the age and sex distributions are representative of the UK population.[@b9-clep-9-475] Participating general practitioners (GPs) contribute data in an anonymous format, including demographic information, medical diagnoses, symptoms, referrals, and details of hospital stays and specialist visits, recorded using the Read coding system.[@b9-clep-9-475],[@b10-clep-9-475]

The children with ASD described in this study were identified for a study that evaluated the association between maternal depression and antidepressant use during pregnancy and risk of ASD in offspring, the protocol of which included a validation component. The source population included live-born, singleton infants born between 1990 and 2011 who had at least 3 years of follow-up in their medical record after birth and who were followed from birth.

ASD Case Identification
-----------------------

We identified children with at least one Read code for an ASD, including diagnoses of autism, Asperger's syndrome, and PDD. See [Table 1](#t1-clep-9-475){ref-type="table"} for the complete list of Read codes used to identify children with ASD. The patients with ASD identified in the CPRD, a primary care data source in a country with national health care, represent a broad range of ASD severities seen in clinical practice. These diagnoses are not restricted to the most severe cases that would be identified using secondary care or specialty care data sources.

Characteristics of interest described in this study include child sex, birth cohort (categorized as 1990--1999, 2000--2004, 2005--2009, 2010--2011), age at first ASD diagnosis, birth order, type of ASD Read code recorded (autism spectrum disorder, Asperger's or PDD), and the number of ASD codes recorded in the child's electronic record. We also reviewed electronic medical records of children with an ASD code to identify Read codes that supported the ASD diagnosis. These codes included those indicating presence of the core signs of ASD (e.g., developmental delay, speech delay, behavioral problems), as well as codes that indicated referrals and visits to specialists, letters from specialists, receipt of specialized therapy, or suspected autism. Finally, we noted the presence of codes for other conditions known to be associated with ASD, such as repetitive movements, gait abnormalities, parental concern, school problems, sleep problems, attention deficit hyperactivity disorder (ADHD) diagnoses or pharmaceutical treatment, and epilepsy.

Validation
----------

To assess the validity of ASD diagnoses recorded in the CPRD, we compared the information present in the electronic medical record to information from de-identified original medical records, which included detailed hospital clinic letters, consultant reports, speech and language assessments, and/or specialist reports. We received and reviewed the original records for a random sample of 37 ASD cases. If the diagnosis recorded in the electronic data was confirmed by the original medical record, then we considered the child to be a confirmed case of ASD. Otherwise, we considered the child to not have ASD.

Statistical Analysis
--------------------

We described the characteristics of ASD cases by sex and birth cohort (1990--1999, 2000--2004, 2005--2009, 2010--2011) to evaluate changes over time in the recording of core signs and supporting clinical codes and other characteristics recorded in the electronic medical records by GPs. We calculated PPVs as a measure of diagnostic validity of ASD diagnoses recorded in the CPRD. PPVs were calculated as the number of true ASD cases confirmed by review of original medical records divided by the total number of children with an ASD diagnosis recorded in the electronic record sampled.

All analyses were performed using SAS statistical software version 9.3 (SAS Institute, Cary, NC, USA). The protocol for this study was reviewed and approved by the Independent Scientific Advisory Committee of the CPRD (protocol number 15_256).

Results
=======

We identified 2154 children with a Read code for ASD in our study population ([Table 2](#t2-clep-9-475){ref-type="table"}). The majority of cases (84%) were male and 50.7% were first born. The peak age at first ASD diagnosis was 3 years, and more than half of the cases were diagnosed by age 6 years. Higher functioning individuals (i.e., those diagnosed with Asperger's) were diagnosed at a later age. The vast majority of cases (78.4%) had only 1 ASD diagnosis. Most cases (79.3%) had a Read code indicating autism or ASD, whereas 20.1% had a code for Asperger's and 0.6% had a code for PDD. The majority of cases identified (72.5%) were first diagnosed with ASD between 2000 and 2011 corresponding to the time after DSM-IV guidelines were updated (2000), while 2.7% were diagnosed between 1990 and 1999 using DSM-IV guidelines updated in 1994, and 24.8% were diagnosed at the end of the study period (2013--2014) after the DSM-5 guidelines were published.

Approximately half of the cases had codes for at least one of the core signs of ASD (e.g., developmental delay, behavioral problem, or speech delay). Approximately one-quarter of cases had codes for referral to or visit with a specialist, 10.3% had codes for receipt of occupational or speech therapy, and 17% had codes indicating that the GP received a letter from a specialist on the same date as the ASD diagnosis. There were proportionally more cases with no supporting clinical codes (25.8%) among those with a diagnosis of Asperger's than among cases who had records for core signs of ASD or codes that indicated they received treatments or referrals. Proportionally more ASD cases that had supporting clinical codes in their record also had codes for gait abnormality, sleep problems, ADHD diagnosis or medications prescribed to treat ADHD compared to cases who had no supporting evidence.

We present characteristics of ASD cases by sex in [Table 2](#t2-clep-9-475){ref-type="table"}. A higher proportion of male cases had Read codes indicating behavioral problems, whereas a higher proportion of female cases had codes indicating developmental delay. Male cases had more diagnoses of gait abnormalities and ADHD or received prescriptions for medications to treat ADHD.

We present characteristics of ASD cases by birth cohort in [Table 3](#t3-clep-9-475){ref-type="table"}. The proportion of children diagnosed at age 3 years was higher among children born in 2005--2009 (23.9%) compared to those born in 1990--1999 (8.9%) and 2000--2004 (13.7%). Among cases born in 1990--1999, GPs used ASD codes for 64.8% and Asperger's codes for 34.4% of all cases, whereas GPs used ASD codes for over 90% of cases born in 2005--2011, reflecting changes in ASD definitions and terminology over the study period ([Figure 1](#f1-clep-9-475){ref-type="fig"}). The proportion of cases with only 1 ASD code increased over the study period. The number of cases with a code indicating the presence of one or more of the core ASD signs (behavioral problem, developmental problem, or speech delay) declined from 55.3% of those born between 1990 and 1999 to 46.5% of those born in 2005--2011. This was mainly due to a decline in the proportion of cases with a code for behavioral problem, whereas there was a slight increase in codes indicating speech delay among those born in later birth cohorts. There was an increase in the proportion of patients born in 2005--2011 with codes indicating specialist referrals or visits and letters from specialists on the same date as the ASD diagnosis compared to those born in 1990--1999.

An ASD diagnosis was present in the original medical record for 34 out of the 37 sampled patients with an ASD diagnosis recorded in the electronic record. Based on this, the PPV of ASD diagnoses recorded in the CPRD was 91.9%.

Discussion
==========

The results of this study indicate that the PPV of ASD diagnoses recorded in the CPRD is high (greater than 90%). The characteristics of ASD cases in this study were consistent with those of published studies in other populations of children with ASD, including the high proportion of males, age at diagnosis, epilepsy, and birth order.[@b11-clep-9-475]--[@b13-clep-9-475] The changes in Read codes used by GPs during the study period reflect changes in the diagnostic criteria and terminology that removed the distinction between the different ASD subtypes (autism, Asperger's, PDDs) into one category (autism spectrum disorder) over this same time period. The finding that males with ASD in our study had more codes indicating behavioral problems, whereas females had more codes indicating developmental delays is consistent with published studies that report differences in the presentation of autistic traits by sex.[@b11-clep-9-475] Finally, the recording of clinical codes that support the diagnosis of ASD in the electronic data has declined over time, specifically those for the core signs of ASD such as behavioral problems, developmental delays, and speech delays. However, there was a rise in the proportion of children with codes for referrals and visits to specialists, which may reflect that ASD diagnosis and care is being conducted outside of the GP offices.

Two previous studies have evaluated the validity of ASD diagnoses in the General Practice Research Database (now CPRD). In the first study, autism was confirmed in 80% of 83 patients with a diagnosis of autism recorded between 1988 and 1999.[@b7-clep-9-475] In a second study published in 2004, PDDs, which included patients with a diagnosis of autism, Asperger's, or PDD, was confirmed in 92.5% of cases born between 1973 and 1997.[@b8-clep-9-475] In our study, the overall PPV was 91.9%. These three studies provide evidence that ASD diagnoses recorded in the CPRD are reliable and can be used with confidence to study ASD.

Our study results indicate that there has been a decrease in the recording of codes for core signs of ASD (behavioral problems, developmental delays, and speech delays) by GPs in the electronic medical records over time, whereas details about these core signs were present in the original medical records over the full study period. However, there was an increase in the recording of codes indicating specialist referral or visit over the study period, which may reflect that diagnosis and care for ASD are occurring outside the GPs office. From a research point of view, it is unfortunate that use of these additional supporting codes is declining in the electronic data because, in the absence of original medical records, these codes provided important details of each case. In addition, these types of supporting clinical details can be useful in assessing the quality of diagnoses recorded in electronic data sources so that case misclassification can be minimized. Despite the decline in these supporting codes, the PPV has remained high, indicating that ASD diagnoses recorded in the CPRD are reliable and can be used to study ASD with confidence.

It is important to note that ASD diagnostic criteria and terminology referring to ASD have changed multiple times since the data in the CPRD were first collected in 1987. As a result, the Read codes used by GPs to indicate ASD have changed over time. For example, GPs used codes indicating ASD in 64.8% and Asperger's in 34.3% of the cases born in 1990--1999, whereas GPs used codes for ASD in over 90% of cases born in 2005--2011 while only 2% of cases born in these later years had a code for Asperger's. These changes emphasize the need for researchers to take care to select all appropriate Read codes used by GPs over the time period under study to avoid missing cases.

A strength of our study is that we describe the experiences of children with ASD from birth through the end of their electronic record. The majority (72.5%) of the ASD cases described in this study were diagnosed after the DSM-IV criteria for autism were revised in 2000. Although approximately 25% of the cases were diagnosed after the DSM-5 revision was published in 2013, the NICE quality standards for assessment and diagnosis of ASD use DSM-IV criteria;[@b14-clep-9-475] therefore, it is not clear whether GPs or specialists had begun using the new criteria outlined in DSM-5. Finally, policy changes around access to original medical records were implemented during the course of this study, and as a result we did not receive all of the original medical records that we requested. Thus, our PPV estimates are based on a smaller sample than originally planned.

Conclusion
==========

The results of this study suggest that ASD diagnoses recorded in the CPRD are reliable and can be used with confidence to study ASD despite changes in ASD diagnostic criteria and screening practices over time.
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###### 

Read codes indicating ASD

  Read code                              Read code description
  -------------------------------------- -----------------------------------------------------------------------
  **ASDs**                               
  E140.00                                Infantile autism
  E140000                                Active infantile autism
  E140100                                Residual infantile autism
  E140.12                                Autism[\*\*](#tfn1-clep-9-475){ref-type="table-fn"}
  E140.13                                Childhood autism
  E140000                                Active infantile autism
  E140z00                                Infantile autism NOS
  Eu84000                                \[X\]Childhood autism
  Eu84011                                \[X\]Autistic disorder[\*\*](#tfn1-clep-9-475){ref-type="table-fn"}
  Eu84012                                \[X\]Infantile autism
  Eu84100                                \[X\]Atypical autism
  Eu84z11                                \[X\]Autistic spectrum disorder
  **Asperger's syndrome**                
  Eu84500                                \[X\]Asperger's syndrome[\*\*](#tfn1-clep-9-475){ref-type="table-fn"}
  **Pervasive developmental disorder**   
  Eu84.00                                \[X\]Pervasive developmental disorders
  Eu84y00                                \[X\]Other pervasive developmental disorders
  Eu84z00                                \[X\]Pervasive developmental disorder; unspecified

**Notes:**

Indicates Read codes most commonly used by GPs to indicate ASD in the CPRD.

**Abbreviations:** ASD, autism spectrum disorder; CPRD, Clinical Practice Research Datalink; GP, general practitioner; ICD, International Classification of Diseases; NOS, not otherwise specified.

###### 

Characteristics of ASD cases, overall and by sex

  ------------------------------------------------------------------------------------------------------
  Characteristics                                 All ASD cases\   Male ASD cases\   Female ASD cases\
                                                  N=2154 (%)       N=1810 (%)        N=344 (%)
  ----------------------------------------------- ---------------- ----------------- -------------------
  **Child sex**                                                                      

   Male                                           1810 (84.0)      --                --

   Female                                         344 (16.0)       --                --

  **Year of first ASD diagnosis**                                                    

   \<1995                                         3 (0.1)          2 (0.1)           1 (0.3)

   1995--1999                                     55 (2.6)         50 (2.8)          5 (1.5)

   2000--2004                                     254 (11.8)       208 (11.5)        46 (13.5)

   2005--2009                                     657 (30.5)       568 (31.4)        89 (25.9)

   2010--2014                                     1185 (55.0)      982 (54.3)        203 (59.0)

  **Age at ASD diagnosis (years)**                                                   

   \<2.0                                          22 (1.0)         18 (1.0)          4 (1.2)

   2.0--2.9                                       198 (9.2)        160 (8.8)         38 (11.1)

   3.0--3.9                                       373 (17.3)       311 (17.2)        62 (18.0)

   4.0--4.9                                       310 (14.4)       267 (14.8)        43 (12.5)

   5.0--5.9                                       223 (10.4)       193 (10.7)        30 (8.7)

   6.0--6.9                                       197 (9.2)        172 (9.5)         25 (7.3)

   7.0--7.9                                       165 (7.7)        136 (7.5)         29 (8.4)

   8.0--8.9                                       159 (7.4)        136 (7.5)         23 (6.7)

   9.0--9.9                                       119 (5.5)        101 (5.6)         18 (5.2)

   10.0--10.9                                     122 (5.7)        97 (5.4)          25 (7.3)

   11.0--11.9                                     84 (3.9)         68 (3.8)          16 (4.7)

   12.0--12.9                                     60 (2.8)         51 (2.8)          9 (2.6)

   13.0--13.9                                     38 (1.8)         31 (1.7)          7 (2.0)

   14.0--14.9                                     36 (1.7)         31 (1.7)          5 (1.5)

   ≥15.0                                          48 (2.2)         38 (2.1)          10 (2.9)

  **Number of ASD diagnoses**                                                        

   1                                              1688 (78.4)      1413 (78.1)       275 (79.9)

   2                                              312 (14.5)       267 (14.8)        45 (13.1)

   3+                                             154 (7.2)        130 (7.2)         24 (7.0)

  **ASD code**                                                                       

   Autism spectrum disorder                       1708 (79.3)      1440 (79.6)       268 (77.9)

   Asperger's                                     433 (20.1)       362 (20.0)        71 (20.6)

   PDD                                            13 (0.6)         8 (0.4)           5 (1.5)

  **Supporting clinical codes**                                                      

   Core ASD signs                                                                    

    Behavioral problem                            662 (30.7)       567 (31.3)        95 (27.6)

    Developmental delay                           259 (12.0)       206 (11.4)        53 (15.4)

    Speech delay                                  431 (20.0)       365 (20.2)        66 (19.2)

   Number of core signs                                                              

    0                                             1062 (49.3)      889 (49.1)        173 (50.3)

    1                                             859 (40.0)       729 (40.3)        130 (37.8)

    2                                             206 (9.6)        167 (9.2)         39 (11.3)

    3                                             27 (1.3)         25 (1.4)          2 (0.6)

   Therapy                                        220 (10.2)       190 (10.5)        30 (8.7)

   Specialist referral or visit                   553 (24.7)       439 (24.3)        94 (27.3)

   Letter from specialist on ASD diagnosis date   366 (17.0)       317 (17.5)        49 (14.2)

   Suspected autism                               41 (1.9)         38 (2.1)          3 (0.9)

  **Other characteristics**                                                          

   Repetitive movement                            23 (1.1)         18 (1.0)          5 (1.5)

   Gait abnormality                               270 (12.5)       226 (12.5)        44 (1.8)

   Parental concern                               235 (10.9)       196 (10.8)        39 (11.3)

   School problem                                 45 (2.1)         37 (2.0)          8 (2.3)

   Sleep problem                                  329 (15.3)       271 (15.0)        58 (16.9)

   ADHD                                           242 (11.2)       212 (11.7)        30 (8.7)

   ADHD prescription                              202 (9.4)        181 (10.0)        21 (6.1)

   Epilepsy                                       96 (4.5)         79 (4.4)          17 (4.9)

  **Birth order**                                                                    

   First                                          1092 (50.7)      928 (51.3)        164 (47.7)

   Second                                         651 (30.2)       542 (29.9)        109 (31.7)

   Third or more                                  277 (12.9)       233 (12.9)        44 (12.8)

   Unknown                                        134 (6.2)        107 (5.9)         27 (7.9)
  ------------------------------------------------------------------------------------------------------

**Abbreviations:** ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; PDD, pervasive developmental disorder.

###### 

Characteristics of ASD cases, by birth cohort

  ---------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                                 Born in 1990--1999\   Born in 2000--2004\   Born in 2005--2009\   Born in 2010--2011\
                                                  N=562 (%)             N=831 (%)             N=660 (%)             N=101 (%)
  ----------------------------------------------- --------------------- --------------------- --------------------- ---------------------
  **Child sex**                                                                                                     

   Male                                           471 (83.8)            716 (86.2)            537 (81.4)            86 (85.1)

   Female                                         91 (16.2)             115 (13.8)            123 (18.6)            15 (14.9)

  **Year of first ASD diagnosis**                                                                                   

   \<1995                                         3 (0.5)               n/a                   n/a                   n/a

   1995--1999                                     55 (9.8)              n/a                   n/a                   n/a

   2000--2004                                     192 (34.2)            62 (7.5)              n/a                   n/a

   2005--2009                                     191 (34.0)            378 (45.5)            88 (13.3)             n/a

   2010--2014                                     121 (21.5)            391 (47.1)            572 (86.7)            101 (100)

  **Age at ASD diagnosis (years)**                                                                                  

   \<2.0                                          7 (1.3)               7 (0.8)               6 (0.9)               2 (2.0)

   2.0--2.9                                       37 (6.6)              50 (6.0)              77 (11.7)             34 (33.7)

   3.0--3.9                                       50 (8.9)              114 (13.7)            158 (23.9)            51 (50.5)

   4.0--4.9                                       46 (8.2)              95 (11.4)             155 (23.5)            14 (13.9)

   5.0--5.9                                       32 (5.7)              93 (11.2)             98 (14.9)             n/a

   6.0--6.9                                       41 (7.3)              83 (10.0)             73 (11.1)             n/a

   7.0--7.9                                       37 (6.6)              69 (8.3)              59 (8.9)              n/a

   8.0--8.9                                       43 (7.7)              91 (11.0)             25 (3.8)              n/a

   9.0--9.9                                       41 (7.3)              69 (8.3)              9 (1.4)               n/a

   10.0--10.9                                     38 (6.8)              84 (10.1)             n/a                   n/a

   11.0--11.9                                     46 (8.2)              38 (4.6)              n/a                   n/a

   12.0--12.9                                     34 (6.1)              26 (3.1)              n/a                   n/a

   13.0--13.9                                     29 (5.2)              9 (1.1)               n/a                   n/a

   14.0--14.9                                     33 (5.9)              3 (0.4)               n/a                   n/a

   ≥15.0                                          48 (8.5)              n/a                   n/a                   n/a

  **Number of ASD diagnoses**                                                                                       

   1                                              387 (68.9)            653 (78.6)            554 (83.9)            94 (93.1)

   2                                              109 (19.4)            120 (14.4)            77 (11.7)             6 (5.9)

   3+                                             66 (11.7)             58 (7.0)              29 (4.4)              1 (1.0)

  **ASD code**                                                                                                      

   Autism spectrum disorder                       364 (64.8)            653 (78.6)            592 (89.7)            99 (98.0)

   Asperger's                                     193 (34.3)            173 (20.8)            65 (9.9)              2 (2.0)

   PDD                                            5 (0.9)               5 (0.6)               3 (0.5)               0 (0.0)

  **Supporting clinical codes**                                                                                     

   Core ASD signs                                                                                                   

    Behavioral problem                            222 (39.5)            278 (33.5)            149 (22.6)            13 (12.9)

    Developmental delay                           74 (13.2)             87 (10.5)             86 (13.0)             12 (11.9)

    Speech delay                                  96 (17.1)             166 (20.0)            142 (21.5)            27 (26.7)

   Number of core signs                                                                                             

    0                                             251 (44.7)            404 (48.6)            352 (53.3)            55 (54.4)

    1                                             239 (42.5)            335 (40.3)            244 (37.0)            41 (40.6)

    2                                             63 (11.2)             80 (9.6)              59 (8.9)              4 (4.0)

    3                                             9 (1.6)               12 (1.4)              5 (0.8)               1 (1.0)

   Therapy                                        84 (15.0)             72 (8.7)              58 (8.8)              6 (5.9)

   Specialist referral or visit                   119 (21.2)            202 (24.3)            182 (27.6)            30 (29.7)

   Letter from specialist on ASD diagnosis date   56 (10.0)             154 (18.5)            140 (21.2)            16 (15.8)

   Suspected autism                               3 (0.5)               19 (2.3)              16 (2.4)              3 (3.0)

  **Other characteristics**                                                                                         

   Repetitive movement                            9 (1.6)               13 (1.6)              1 (0.2)               0 (0.0)

   Gait abnormality                               99 (17.6)             119 (14.3)            49 (7.4)              3 (3.0)

   Parental concern                               37 (6.6)              90 (10.8)             96 (14.6)             12 (11.9)

   School problem                                 26 (4.6)              15 (1.8)              4 (0.6)               0 (0.0)

   Sleep problem                                  107 (19.0)            130 (15.6)            79 (12.0)             13 (12.9)

   ADHD                                           91 (16.2)             108 (13.0)            43 (6.5)              0 (0.0)

   ADHD prescription                              84 (15.0)             83 (10.0)             35 (5.3)              0 (0.0)

   Epilepsy                                       48 (8.5)              26 (3.1)              19 (2.9)              3 (3.0)

  **Birth order**                                                                                                   

   First                                          299 (53.2)            401 (48.3)            337 (51.1)            55 (54.5)

   Second                                         162 (29.0)            258 (31.1)            203 (30.8)            27 (26.7)

   Third or more                                  64 (11.4)             113 (13.6)            88 (13.3)             13 (12.9)

   Unknown                                        37 (6.6)              59 (7.1)              32 (4.9)              6 (5.9)
  ---------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; n/a, not applicable; PDD, pervasive developmental disorder.
